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Does heart failure have an effect on the progress of diabetic retinopathy?
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Abstract

Aim: To evaluate the effect of concomitant heart failure on diabetic retinopathy (DR) in patients with Diabetes Mellitus (DM).

Material and Methods: In this cross-sectional study, 40 eyes of 20 patients with DM alone (control group) and 70 eyes of 35 patients with heart failure and DM
were included. Anterior segment and dilated fundus examination were performed in all patients. DR was classified as mild, moderate, severe non-proliferative
DR and proliferative DR. According to the ejection fraction (EF), the stage of heart failure was classified as decreased (HFrEF) if LVEF <40%, moderate
(HFmrEF) if LVEF was 40-49%, and preserved (HFpEF) if LVEF =50%. After this staging of HF patients; 13 were classified as HFpEF, 12 as HFmrEF and 10 as
HFrEF

Results: In our cross-sectional study, the mean age of the patients in the HF+DM+ group consisting of 35 patients was 54.4 + 12.6 and the mean age of the
control group consisting of 20 patients was 51.7 + 6.8. PDR and DR in the HFrEF group were found to be significantly higher than the control (p=0.02, p=0.04
respectively. In addition, as a result of examining the relationship between the factors affecting the severity of DR, the duration of DM (p=0.01, OR=1.62),
HbATc (p=0.03, OR=2.95) and HF severity (p=0.02, OR=1.86).

Discussion: Our study shows that the risk of PDR is increased in the HFrEF stage in patients with HF accompanying DM, in addition to blood glucose regulation,
HF treatment may contribute positively to DR.

Keywords
Diabetic Retinopathy, Proliferative Diabetic Retinopathy, Heart Failure, Hypoxia

DOI: 10.4328/ACAM.22116 Received: 2024-01-17 Accepted: 2024-03-05 Published Online: 2024-03-19 Printed: 2024-04-01 Ann Clin Anal Med 2024;15(4):293-296
Corresponding Author: Erdogan Yasar, Department of Ophtalmology, Afyonkarahisar Fuar Hospital, Afyonkarahisar, Turkey.

E-mail: dr.e.yasar@gmail.com P: +90 552 934 10 03

Corresponding Author ORCID ID: https://orcid.org/0000-0001-5129-9397

Other Authors ORCID ID: Halil Aktas, https://orcid.org/0000-0001-7229-1474 - Murat Gul, https://orcid.org/0000-0001-6841-1998 - Ugur Gurlevik, https://orcid.org/0000-0003-2965-481X
This study was approved by the Ethics Committee of Aksaray University (Date: 2019-12-27, No:2019/12-41)

Annals of Clinical and Analytical Medicine 293



Heart failure and diabetic retinopathy

Introduction

Diabetes mellitus (DM) is a disease that threatens visual acuity
and can cause microvascular complications, which is one of
the leading causes of blindness [1]. The prevalence of diabetic
retinopathy (DR) in individuals with DM is approximately 35%,
and this rate reaches up to 60% in individuals with diabetes for
20 years [2-3]. Disease duration and severity of hyperglycemia
can be counted among the main risk factors associated with
diabetic retinopathy [4-5]. Diabetic Retinopathy is a disease
that occurs as a result of chronically high blood sugar and
can be seen in retinal hemorrhages, exudates, macular edema,
neovascularizations and occlusions in retinal vessels [6]. DR can
be classified as non-proliferative DR (NPDR) and proliferative
DR (PDR), and it is diagnosed as PDR in the presence of
neovascularization (NV), preretinal hemorrhage, intravitreal
hemorrhage findings, and as NPDR in the absence of this
findings [7]. The major factor in the emergence of the PDR
phase is hypoxia in the body [8-10].

Heart failure (HF) is a prevalent public health issue; with
reportedly affects 26 million people worldwide [11]. HF is
categorized based on the left ventricular ejection fraction
(LVEF). Patients are most often classified as having HF with
reduced (HFrEF; LVEF <40%), mid-range (HFmrEF; LVEF 40-
499%), or preserved ejection fraction (HFpEF; LVEF >50%) [12].
HF and sleep disturbances are two common conditions that
frequently coexist and overlap [13]. Sleep apnea, a reported
prevalence as high as 40% in HF patients, is a worse prognosis
predictor due to hypoxia [14].

This study aims to evaluate in detail whether the stages of
diabetic retinopathy are affected by the stage of HF.

Material and Methods

In this cross-sectional study, 35 patients with DM accompanying
HF disease (DM+HF+) who applied to the cardiology outpatient
clinic between 06.08.2021 and 08.02.2022 were included in the
study. Forty eyes (DM+HF-) of 20 patients with DM who were
sent to the Cardiology outpatient clinic and confirmed as not
having HF were taken as the control group. All study procedures
were performed in accordance with the Declaration of Helsinki.
In addition, informed consent was obtained from all patients
before they participated in the study.

Thirty-two patients with HF and twenty patients without
HF(control group) were enrolled in the study. Patients were
divided into three groups according to LVEF: HFrEF (n=7),
HFmrEF (n=12), and HFpEF (n=13).

Hypertension and coronary artery disease which can affect
Diabetic Retinopathy, presence of anterior and posterior
segment pathologies that reduce the visibility of the retina, and
pregnancy were determined as exclusion criteria. In addition,
diseases such as thyroid diseases and anemia were excluded
from the differential diagnosis of heart failure.

Data such as age, gender, duration of diabetes mellitus,
glycosylated hemoglobin (HbA1c) level, and stage of heart
failure of the patients included in the study were recorded. After
a detailed anterior segment examination with biomicroscopy
(Topconsl-D7, SN:1613331, Japan), both pupils were dilated
with mydriatic eye drops (0.1% tropicamide). After 30 minutes,
detailed retinal examinations including the peripheral retina

were performed. Patients were classified according to the
International Clinical Diabetic Retinopathy Disease Severity
Scale as mild NPDR (microaneurysm only), moderate NPDR
(more than a single microaneurysm but less than severe
NPDR), severe NPDR (severe intraretinal hemorrhages and
microaneurysms, more severe NPDR in each of the four
quadrants, two or more venous pilling in and moderate IRMA
in one or more quadrants) and PDR (Neovascularization, one or
both vitreous/preretinal hemorrhages). The degree of diabetic
retinopathy was evaluated for the right and left eyes separately
in the patients, and the result was classified according to the
worst eye. Fundus fluorescein angiography was performed in
patients whose neovascularization could not be differentiated
on fundus examination.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) 23.0-Windows
(SPSS Inc., Chicago, IL) was used for statistical analysis. Shapiro-
Wilk test was used to test whether the sample had a normal
distribution. ANOVA test was used to compare the means of
the groups. The Chi-square test was performed to compare the
means of categorical variables in the groups. Binomial logistic
regression analysis was performed to calculate the correlation
ratios between the variables. Statistical significance was
accepted as p < 0.05.

Ethical Approval

This study was approved by the Ethics Committee of Aksaray
University (Date: 2019-12-27, N0:2019/12-41)

Results

The mean age of the patients in the HF group was 54.4+12.6,
and the group consisted of 17 females and 18 males in terms
of gender. The mean age of the patients in the control group
was 51.7+6.8 years and the group consisted of 11 females and
9 males. When the groups were compared in terms of mean
age and gender, the statistically significant difference was not
determined between them (p>0.05).

When mild and moderate groups were compared separately
with the control group, a significant difference was not found
between them in terms of DR, NPDR, PDR, HbA1c and DM
duration (p>0.05). There was no difference between the severe
group and the control group in terms of NPDR, HbA1c and DM
duration (p>0.05). A statistically significant difference was
found between the severe group and the control group in terms
of the incidence of PDR and DR (p=0.02, p= 0.04 respectively).
Detailed information is shown in Binomial logistic regression
analysis was performed to investigate its association with
the factors affecting the stage of DRP. There was a positive
association between DM duration (p=0.03, OR=1.49), and
HbA1c (p=0.02, OR=2.62) in the NPDR group, and in addition the
association was not found in terms of age and gender (p>0.05).
A positive association was found between DM duration (p=0.02,
OR=1.62), HbA1c (p=0.01, OR=2.95) and HF severity (p=0.02,
OR=1.86) in the PDR group, and no association was found
in terms of age and gender (p>0.05). There was a positive
association between DM duration (p=0.03, OR=1.27), HbAlc
(p=0.01, OR=2.37) and HF severity (p=0.04, OR=1.21) in the DR
group, and no association was found between age and gender
(p>0.05). As a result, as the degree of HF increased, the risk of
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Table 1. The comparison of the control group and heart failure stage groups in terms of diabetic retinopathy

p p p
Moan (SD) 30 Mean(ep) m13 e Meanish) 1z (e control 1 Ep]q,  (Between control

DM duration 8.6 +3.6 9.1+4.1 0.42 8.8+29 0.74 8.9+2.7 0.69

HGA1C(%) 8.2 +0.9 85+1.2 0.54 8.0+3.1 0.87 8.4+3.1 0.71

DR %(n) 30(6) 35.7(5) 0.68 31.6(5) 0.94 70(7) 0.04

NPDR %(n) 20(4) 28.6(4) 0.39 33.3(4) 0.21 20(2) 0.99

PDR%(n) 10(2) 6.1(1) 0.39 8.3(1) 0.69 50(5) 0.02

DM: Diabetes Mellitus, DR: Diabetic Retinopathy, NPDR: Non-proliferative Diabetic Retinopathy, PDR: Proliferative Diabetic Retinopathy, mean: mean, SD: Standard Deviation, HFpEF: HF with
preserved ejection fraction, HFmrEF: HF with mid-range ejection fraction, HFrEF: HF with reduced ejection fraction

Table 2. The Factors affecting the stage of diabetic retinopathy

Gender 0.79 0.28 0.91 0.15 085 024
Age 0.24 0.74 0.35 0.64 017 092
DM duration 0.03 1.49 0.02 1.62 003 127
HgA1C 0.02 2.62 0.01 295 001 237
HF severity 0.34 0.80 0.02 1.86 004 1.21

OR:0dds Ratio, DM: Diabetes Mellitus DR: Diabetic Retinopathy, NPDR: Non-proliferative
Diabetic Retinopathy, PDR: Proliferative Diabetic Retinopathy, HF: Heart Failure
PDR increased 1.86 times and the risk of DR increased 1.21
times, while there was no significant increase in the risks of
NDRP(p>0.05). Detailed information is shown in Table 2.

Discussion

Because of DM is a vascular disease, if glucose regulation is
not good years after the onset of the disease, it affects many
organs and one of them is the eye. Diabetic retinopathy is a
disease that is a complication of diabetes and is associated
with chronic hyperglycemia [1]. Although the main factor
affecting diabetic retinopathy is blood sugar level, it can also
contribute to this retinopathy through secondary causes. The
main result of our study is that one of the secondary causes
affecting diabetic retinopathy in patients with severe HF was
determined as advanced heart failure.

In many studies, the duration of DM and the severity of
hyperglycemia (HBA1c) have been reported as the main
risk factors for DR [4-7]. In addition, although glucose is
regulated sometimes, diabetic retinopathy due to secondary
causes has been observed. Among the secondary causes, HT,
hypercholesterolemia, CAD, heart failure, smoking, alcohol,
Obstructive Sleep Apnea Syndrome, advanced nasal septum
deviation, and other causes are still under investigation [15-
21]. In this study, since these related diseases were determined
as exclusion criteria to prevent diabetic retinopathy from
being affected, a comparison with these diseases could not be
made. As far as we know, there is no study in the literature
investigating the detailed association between HF stages and
DR stages.

Diabetic retinopathy can be classified as PDR and NPDR, and
NPDR itself is classified according to the degree of retinopathy.
Fundus findings in the early stage of NPDR are microaneurysms
and microhemorrhages. The development of venous pilling,
soft exudate and
seen in the later progressive stage are findings suggestive

intraretinal microvascular abnormalities

of decreased capillary perfusion. When neovascularizations in
the optic disc and retinal surface or preretinal hemorrhage or
intravitreal hemorrhage due to these develops, our definition is
PDR in which retinal ischemia is at the forefront [10]. The major
factor in the PDR phase is hypoxia, and in this phase, VEGF and
other growth factors released secondary to hypoxia increase
the permeability of retinal vessels and neovascularizations and
related hemorrhages occur [10,22].

The angiogenesis of neovascularizations seen in PDR is known
as VEGF-A, which is regulated by hypoxia-induced vascular
endothelial growth factor-A. This growth factor is secreted by
Ganglion cells, Miiller cells, and RPE cells and binds to high-
affinity VEGF receptors on endothelial cells and pericytes to
act[23]. VEGF is an important growth factor especially for
hypoxia-induced angiogenesis and is closely associated with the
formation of new pathological vessels, and this angiogenesis is
controlled by angiogenic inducers and inhibitors [23-24]. These
newly formed pathological vessels are fragile and permeable
and may grow along the retinal surface or into the posterior
hyaloid. In addition, these vessels can be easily ruptured by
vitreous traction and may cause bleeding in the vitreous
or preretinal cavity, and may also cause tractional retinal
detachment if not treated [24]. With a similar mechanism in our
study, PDR findings may have occurred as a result of hypoxia
caused by severe HF.

In patients with advanced HF, hypoxia occurs as a result of left
ventricular enlargement and decreased ejection fraction [25].
We think that retinal hypoxia and ischemia may have occurred
as a result of systemic hypoxia in this severe HF. When PDR is
detected, the first thing that comes to mind is hyperglycemia,
which causes retinal ischemia. However, in some patients, DRP
findings are seen even though diabetes is regulated. Therefore,
other systemic diseases that may cause retinal ischemia and
hypoxia should be kept in mind. This study will ensure that
advanced HF and other risk factors are taken into account in
the etiology of PDR.

The limitations of this study are that it was conducted with
a relatively low number of patients. However, the number of
our patients remained relatively low since it is very difficult to
find patients who have both heart failure (3 different stages)
and DM at the same time and do not have other accompanying
diseases. Two cardiology specialists took part in the study to
reach this number of patients. In addition, the fact that two
eyes of the patients were included in the study for the staging
of diabetic retinopathy can be said to be a statistical limitation.
Conclusion

Our study is valuable in that only HF accompanying DM is
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not accompanied by other diseases that may affect diabetic
retinopathy. This study showed that diabetic and HF patients
with decreased EF are at risk for proliferative stage DR.
Therefore, in these patients, besides blood sugar regulation,
HF treatment may also contribute positively to proliferative
retinopathy.
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